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•  Geographically limited knowledge diffusion helps to explain clusters of regions 
with persistently different levels of growth. This paper provides a survey of 
theoretical and empirical findings on this.  
•  The theoretical concept of knowledge spillovers is outlined by discussing the 
different types of knowledge, the spatial dimension of knowledge spillovers, 
and the geographical mechanisms and structural conditions of knowledge 
diffusion. Such spillovers lead to dynamic externalities, and to agglomeration 
effects in the geographical dimension. Both effects constitute path 
dependencies in the economic growth of regions.  
•  Existing recent empirical studies mainly support the theoretically derived 
hypotheses. This applies especially to the importance of knowledge spillovers 
for regional productivity and innovative behaviour. 
•  In addition to the large number of surveyed contributions, the paper refers 
also to unanswered questions, i.e. the normative question whether the 
theoretical considerations and empirical evidence warrant any economic 
policy measures actively encouraging knowledge spillovers.  
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externalities and – in the geographical dimension – to agglomeration effects, both of 
which constitute path dependence in the economic growth of regions. Second, the paper 
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1.  Introduction 
In a variety of discourses, be it among economists, among politicians or in the 
business world, knowledge as a productive factor is asserted with an increasing 
influence on competitiveness and growth.1 This view is in concurrence with neo-
classical growth theory and its standard result that, once a steady state is reached, 
growth in per capita income can only be induced by a growth of knowledge, 
which leads to the implementation of a more efficient technology of production 
(Rosenberg 1963: 414f.; Arrow 1985: 104; Malecki and Varaiya 1986: 629f.; 
Jaffe 1998: 8; Smolny 2000: 2 and 9). This has led more recent contributions to 
the theory of economic growth to endogenise knowledge-generating processes in 
order to explain sustained growth, in some cases without employing the metaphor 
of a steady state.2 Despite their heterogeneity, these approaches share some com-
mon ground in their emphasis on positive externalities produced through diverse 
processes such as learning-by-doing, the accumulation of human capital or the 
supply of public goods like publicly funded research. Such positive externalities 
provide a rationale for the assumption of constant or even increasing marginal 
factor productivities, and these in turn allow the modelling of sustained economic 
growth. One particular type of positive externalities are knowledge spillovers, 
which are often assumed to be a source of positive returns to scale in the aggre-
gate production function.3 
While traditional growth theory has always focused on processes unfolding in 
time, the introduction of knowledge spillovers by the new growth theory therefore 
also implies an interest in processes that are unfolding in time and space. Regional 
                                                 
  1 Contributions emphasizing the relevance of knowledge from both a micro- and mac-
roeconomic perspective are for example Metcalfe (2002: 3f.), Dohse (2001: 131), Caniëls 
(2000: 1), Matusik and Hill (1998: 682f.), Carlino (1995: 15), Jaffe et al. (1993: 578), 
Audretsch and Feldman (1986: 630) and also Nelson (1982: 453). 
  2 For early contributions to the endogenous growth theory see Lucas (1988) and Ro-
mer (1986); a survey is to be found in Fagerberg (1996). Some representative contribu-
tions to endogenous technological progress are found in Tallman and Wang (1994: 102), 
Jaffe (1998: 8) as well as Caniëls (2000: 2). 
  3 The importance of knowledge spillovers has been emphasised, among others, by 
Keilbach (2000: 8ff.), Smolny (2000: 2f.), Fritsch and Franke (2000: 1), Anselin et al. 
(1997: 422f.), Henderson et al. (1995: 1067f), Glaeser et al. (1992: 1127), Griliches 
(1992: 29f.), Grossman and Helpman (1991: 85) and also Barro (1991: 408f).  
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patterns of knowledge diffusion, as well as barriers to the diffusion of knowledge, 
feature prominently in explaining the differential growth of production and in-
comes between regions. This role of knowledge spillovers and the high dispersion 
of scattered contributions appear to be a good reason to provide a survey of the 
literature relevant to the problem. Maybe more importantly, spatial knowledge 
spillovers are of interest to different sub-disciplines of economics, such as macro-
economics, public economics and innovation economics. A survey of the field can 
therefore also serve the purpose of informing researchers of recent results pro-
duced in neighbouring fields. The argument will proceed as follows: Section 2 
provides an overview of theoretical contributions to the economics of knowledge 
and its diffusion. Section 3 surveys the related empirical literature and  Section 4 
concludes.  
2.  Externalities in the production of knowledge and regional spillovers 
2.1.  Some economic perspectives on knowledge 
Economists do often speak of knowledge, but often they also have a rather 
vague understanding of what knowledge is. Put differently, knowledge is a term 
that is regularly used but seldom defined or explained. Choosing a definition 
which uses the term in a broad sense, one may state that knowledge comprises all 
cognitions and all abilities that individuals use to solve problems, to make deci-
sions and to understand incoming information. The terms "knowledge" and "in-
formation" therefore denote separate things, and knowledge is understood as a 
tool that can be consciously used by individuals - although it certainly can also be 
used subconsciously, a fact introduced into the economic context by Hayek 
(1945). Hayek has also been responsible for pointing out the existence of dis-
persed knowledge, a dispersion that can occur between individuals and also in a 
spatial dimension. Thus, a definition of knowledge ought also to comprehend the 
modular characteristic of knowledge. Finally, knowledge is also understood as 
being dependent on time and context (Dohse 2001: 50f.), i.e., it is not static but 
continually evolving, and the direction of its evolution depends on boundary con-
ditions such as the institutional framework 
While such an encompassing definition of knowledge lays an emphasis on het-
erogeneity of knowledge and its evolution over time, it is usually modelled in a 
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more static way in traditional neoclassical contributions to growth theory. There, 
knowledge is simply introduced as an input factor into a given production func-
tion. In contrast to this simple approach, more recent approaches have however 
also laid emphasis on a circular causation which allows for learning from given 
processes of production in order to explain an endogenous accumulation of 
knowledge. A growth in the stock of human capital from learning by doing and 
industrial R&D processes is explicitly taken into account (Audretsch and Feldman 
1996: 638; Audretsch 1998: 20). These processes are then thought of as being 
highly path-dependent due to the cumulative nature of the generation of know-
ledge (see already Arrow 1962).4 This is important with respect to the abilities of 
individuals to utilise knowledge that is subjectively new to them: it is conceivable 
that they cannot make any reasonable use of new, although maybe superior, 
knowledge simply because they lack necessary complementary knowledge, which 
they have not accumulated on their learning path. 
Beyond such possible incompatibilities on the side of the recipient of (subjec-
tively) new knowledge, difficulties in the diffusion of knowledge may also arise 
due to the attributes of the observed knowledge itself. A common distinction is 
made between explicit knowledge, that can be communicated, and tacit knowledge 
that is often used unconsciously by an individual and cannot easily be made the 
subject of verbal communication (Polanyi 1985).5 If secrecy about explicit 
knowledge cannot be enforced or exclusive rights for its application through pat-
ent protection cannot be ensured, it has the technical properties of a public good 
(see Romer 1990: 97), which is the case for a large fraction of publicly funded 
scientific research at universities and similar research institutions. Obviously, the 
incentives to invest private resources into knowledge accumulation differs greatly 
depending on such technical and institutional conditions. 
Given these distinctions, it also becomes easy to distinguish between knowl-
edge and human capital. Human capital comprehends tacit and explicit knowledge 
that individuals do indeed utilise, while knowledge itself is a more encompassing 
                                                 
4 See also Dohse (2001: 131), Caniëls (2000: 4), Dosi (1988: 1126) and Nelson (1982: 464). As 
Jones (2002) argues, the path of the accumulation of knowledge is however never completely 
determined by the past, but subject to random shocks. 
5 See also Matusik and Hill (1998: 683ff.), as well as Dosi (1988: 1126) for a distinction of dif-
ferent types of knowledge. 
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category that comprehends the wealth of information and routines that is princi-
pally available to individuals. Here, the distinction of Popper (1972) between ob-
jective and subjective knowledge may also be usefully introduced. Objective 
knowledge is what is written down and waits to be utilised, while subjective 
knowledge (here: human capital) denotes the stock of knowledge that does indeed 
affect subjective decision-making. In this sense, only knowledge can be continu-
ously accumulated over time while human capital presupposes a selective learning 
of knowledge by each new generation of individuals. The important question in 
our framework is then if and how spatial spillovers of available knowledge do 
indeed have an influence on human capital across regional boundaries. 
2.2. Knowledge in space: approaches to the problem 
In endogeneous models of economic growth incorporating knowledge, positive 
externalities are a common feature of processes of knowledge accumulation.6 The 
social benefit of generating knowledge is generally considered to be higher than 
the private benefit of this activity,7 which partly follows from the technical prop-
erties of knoweldge stated in the preceding subsection: whoever may utilise a 
knowledge spillover has generally no incentive to compensate the producer of this 
externality for his beneficial activities. For costly R&D activities this possibility 
of increasing one's productivity by free-riding on the research of others implies a 
propensity to underinvest into knowledge-generating activities (Audretsch 1998: 
20). In addition to this short-term effect, knowledge spillovers do also have a dy-
namic component because the magnitude of their effects on productivity depends 
on the amount of knowledge that was already accumulated in the past (Dohse 
2001: 132; Henderson 1997: 450; Henderson et al. 1995: 1068). This should be 
kept in mind as an additiopnal barrier to the diffusion of knowledge in addition to 
the spatial distance between the producer of an externality and his potential re-
cipient. 
                                                 
6 See Caniëls (2000: 6), Keilbach (2000: 2), Anselin et al. (1997: 423), Audretsch and Feldman 
(1996: 630), Carlino (1995: 15), Bernstein and Nadiri (1989: 249), Dosi (1988: 1146) and also 
Romer (1986: 1003).  
7 For a general treatment of externalities see Baumol und Oates (1979: 75ff.) and already Sci-
tovsky (1952). 
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In the first pioneering work on the geographical dimension of knowledge with 
a focus on spatial aspects of innovation diffusion, Torsten Hägerstrand has exam-
ined the dissemination of innovations as a spatial process in his 1953 monograph 
(for a translation of the work initially published in Swedish language, see Häger-
strand 1967). The main hypothesis which lies at the core of his inquiry is that 
geographic differences of human behaviour must be analysed in terms of the 
knowledge available to the individual decision-maker (adopter, firm etc.) and 
thereby analysed in terms of “social network” of interpersonal communications 
through which the knowledge diffuses. This social network approach was cer-
tainly a step ahead of subsequent economic approaches, which often rely on ex-
ogenous assumptions on the spatial mobility of knowledge. 
Both ends of the continuum of degrees of the mobility of knowledge can be 
found in the economic literature (Caniëls 2000: 10ff.; Richardson 1973: 22ff.). A 
traditional neoclassical assumption is to view knowledge as being costlessly 
available to individuals who, given their propensity to act rationally and the ab-
sence of learning costs, have an incentive to use the entire stock of knowledge. 
Knowledge is entirely disembodied and can be verbally communicated. The im-
plicit assumption of universally costless communication implies that distance does 
not play a role. A knowledge spillover diffuses instantaneously throughout the 
entire economy such that technically, it is simply a pure public good. This obvi-
ously implies that regional differentials of incomes and their growth rates cannot 
be explained on the grounds of regional divergences in the stock of knowledge, 
because any region trailing the other can immidiately catch up by imitating the 
more successful technology (see Keilbach 2000 for a survey of the discussion in 
this issue). 
On the other hand, there are models of cumulative causation8 that work with 
the assumption of a world in which knowledge spillovers simply do not exist. 
Knowledge is modelled essentially as a private good that can be utilised by a 
clearly confined group of users, so that spatial spillovers are not of any interest. 
Relative advantages in the generation of knowledge and, closely related, in pro-
ductivity can persist because knowledge-related catching up is not accounted for. 
From this perspective and in complete contradiction to the approaches described 
                                                 
8 See Kaldor (1970: 340ff.), Myrdal (1964: 9ff.) and Malecki and Varaiya (1986: 631ff.). 
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above, the differential development of regions can then almost entirely be attrib-
uted to differences in the stock of knowledge. These are expected not only to per-
sist but even to increase because generating additional new knowledge is assumed 
to be relatively easier, the higher the stock of knowledge already accumulated is. 
Both of these extreme assumptions, complete knowledge spillovers and no 
knowledge spillovers at all, may be criticised empirically for their lack of realism. 
The fact that knowledge spreads in the spatial dimension appears to be obvious, 
but it is equally obvious that such diffusion processes take time and are often in-
complete. Theoretical approaches taking this into account usually assume that 
knowledge is a regional public good with limited spatial range. Two basic types of 
models working with this assumption can be distinguished (Caniëls 2000: 21ff.; 
Richardson 1973: 126ff.), namely models of epidemic and of hierarchical diffu-
sion of knowledge. In the first case, every region in the neighbourhood of another 
region in which new knowledge in generated is asserted a positive probability of 
being the recipient of a knowledge spillover, i.e. of harbouring individuals or 
businesses that adopt the newly generated knowledge. The diffusion between re-
gions takes place horizontally, on the level of innovators and potential adoptors. 
Contrary to this class of models, hierarchical models are primarily interested in 
diffusion processes that take place between centers (such as industrial agglomera-
tions) and spread to peripheral regions only later, if at all. The simple intuition 
underlying the higher probability of adoption in centers is the fact that there al-
ready are more R&D activities there compared to peripheral regions. Given what 
has been stated above about the role of complementary knowledge in learning 
from positive externalities, it is then much more likely that the necessary com-
plementary knowledge is to be found in the center. Empirically, both types of 
knowledge diffusion can be observed and can even occur simultaneously (Caniëls 
2000: 22). 
A more sophisticated class of models compared to the two basic types are the 
so-called leapfrogging models, which synthesise elements from endogeneous 
growth theory and the New Economic Geography and explain the growth of ag-
glomerations with local learning externalities.9 Two mechanisms of technological 
                                                 
9 See Brezis et al. (1993) for a model of leapfrogging. The New Economic Geography is intro-
duced and surveyed in Krugman (1998a und 1998b), Schmutzler (1999), Fujita et al. (2000), Otta-
viano and Thisse (2003) and also Baldwin and Martin (2003). 
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progress are distinguished in these models: an incremental growth of knowledge 
is resulting from learning by doing, and the growth rate depends positively on the 
stock of technological knowledge already available. In addition to this incre-
mental growth, there are occasional large-scale breakthroughs which lead to tech-
nological paradigm changes and a depreciation of the former stock of knowledge. 
Furthermore, productivity within the new paradigm exceeds productivity under 
the old paradigm only after a (possibly rather lengthy) transition period, so that an 
early change of paradigm is not rational for regions that are sufficiently experi-
enced in utilising the old technology and have reached a high productivity level 
there. A region that is sufficiently inexperienced under the old paradigm with rela-
tively low productivity and income levels has, on the other hand, an incentive to 
switch paradigms immediately. Brezis and Krugman (1993: 1) call this a “natural 
life cycle of urban rise and decline”, which hints at the fact that the thus far rela-
tively poor region which is now operating under the new technological paradigm 
will not only catch up, but will eventually be more productive than the other re-
gion, because their incremental learning process now takes place within a rela-
tively superior paradigm. 
2.3.  Mechanisms of the spatial diffusion of knowledge 
The discussion in the preceding subsections has hinted at the fact that knowl-
edge spillovers are of economic relevance because of their impact on regional 
income growth. Due to the rather sketchy treatment of knowledge spillovers in the 
approaches discussed above, however, it appears to be necessary to have a closer 
look at what could be coined the microeconomics of knowledge spillovers, i.e. at 
the micro-level conditions of the spatial diffusion of knowledge.  
One common mechanism for a transfer of knowledge is the mobility of indi-
viduals and the trade or transfer of goods, which, in one way or another, carry 
production-related knowledge with them (e.g. Matusik and Hill, 1998). Another 
mechanism is the direct transfer of production technologies, which would still 
necessitate a physical transfer of goods. And finally, it is also conceivable that 
nothing else than the immaterial knowledge about modes of production spills over 
from one region into the other: through a licensing of patented technologies, 
through shared research projects, through scientific publications and so on. The 
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spatial range of these types of knowledge transfers differs because the costs of 
transferring pure knowledge through communication over great distances are con-
siderably lower compared to the transfer of goods, individuals or even physical 
production facilities.  
Following Caniëls (2000), some more detailed statements on the conditions of 
knowledge diffusion are possible: 
•  If the source of new knowledge is in the private sector, it will usually re-
lease relevant information more reluctantly compared to a source in the 
public sector: the latter often have the explicit task to produce knowledge 
as a public good and therefore tend to circulate the results of their research 
activities voluntarily. 
•  The recipient of new knowledge needs to be endowed with the capacities 
necessary to utilise available knowledge (Cohen and Levinthal 1990), 
which includes his cognitive capacities, but also his willingness to incur 
costs of learning new knowledge. The latter can, for example, not neces-
sarily be presupposed if the recipient is a rationally ignorant voter deciding 
on how to produce a public good (Schnellenbach 2004). In other words, it 
must appear to be economically rational for the recipient to utilise new 
knowledge (Cohen and Levinthal 1989: 128). If one argues within a model 
involving not maximisers but rational satisficers, then a dissatisfaction 
with the results produced within the status quo stock of knowledge is nec-
essary to induce a willingness to learn. 
•  The relationship between the recipient and the source of new knowledge is 
also of some relevance for the diffusion process. Only explicit knowledge 
can be communicated over great distances, while the transfer of tacit 
knowledge, if possible at all, involves direct interaction and therefore close 
spatial proximity (Anselin et al. 1997: 423).10 We can therefore expect 
that explicit knowledge spreads much more rapidly over great distances 
compared to tacit knowledge. 
                                                 
10 Regarding the importance of direct (e.g. face to face) communication, see also Cappelin 
(2001: 121), Dohse (2001: 131 and 1996: 3f.), Antonelli (2000: 536ff), Caniëls (2000: 8), Au-
dretsch (1998: 21), Henderson (1997: 449), Audretsch and Feldman (1996: 630), Audretsch and 
Stephan (1996: 651), Feldman and Audretsch (1996: 4).  
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This third point hints at the importance of locally confined innovative net-
works, which are of special relevance for the diffusion of tacit knowledge. When-
ever direct interaction is a necessary prerequisite for the diffusion of knowledge, it 
is obvious that space does indeed matter simply in the sense that the cost of set-
ting up and maintaining direct interaction is likely to rise with the distance be-
tween the source and the recipient of new knowledge. This can serve as an intui-
tion to explain why innovative networks often do not stretch across regional 
boundaries and why they are often relatively stable once they have been estab-
lished.11 The specific modes of local interaction between, for example, entrepre-
neurs, venture capitalists, universities and government agencies leads to specific 
informal institutions guiding innovative activity. Inforamtion about novelities 
flows more easily among agents located within the same area, thanks to social 
bonds that foster reciprocal trust and frequent face-to-face contacts. Therefore, 
geographical clusters offer more innovation opportunities than scattered locations. 
Innovation diffusion is also faster (see Breschi and Lissioni 2001: 978). As a re-
sult, innovation processes are likely to differ across regions because different rou-
tines of interaction are established between the various parties involved in the 
process. 
With these considerations, a gap between this class of approaches and the stan-
dard neoclassical literature becomes visible. The theoretical considerations do 
generally not involve optimising individuals, but boundedly rational agents whose 
decisions are influenced by informal institutions, understood as patterns of think-
                                                 
11 See Wilkinson and Moore (2000). According to Camagni (1991: 3), innovative networks can 
be defined as „the set, or the complex network of mainly informal social relationships on a limited 
geographical area, often determining a specific external ‚image‘ and a specific internal ‚represanta-
tion‘ and sense of belonging, which enhance the local innovative capability through synergetic and 
collective learning processes“. See also Bröcker et al. (2003), in which several authors provide a 
timely and comprehensive picture on location, networks and clusters as an important means in 
theorectical understanding of regional innovation and the factors influencing regional productivity 
and regional competitive performance. For a current eximination of the relationship between net-
work architecture and knowledge diffusion performance, see Cowan and Jonard (2004), who 
model knowledge diffusion as a barter process in which agents exchange different types of knowl-
edge. For the relationship between network density and R&D Spillovers, see Meagher and Rogers 
(2004). Using ideas from organizational theory, they model how the structure and function of a 
network of firms affects their aggregate innovativeness. Two main results emerge: On the one 
hand, the marginal effect on innovativeness of spillover intensity is non-monotonic, and, on the 
other hand, network density can affect innovativeness but only when there are heterogeneous 
firms. The latter finding points out the relevance of so-called Jacobs-Spillovers, which are dis-
cussed more intensively in the following subsection. 
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ing and decision-making that are shared among a larger group of individuals. 
Whether individual decisions yield efficient results or not does then not only de-
pend on technological knowledge (i.e., on the installment of an efficient produc-
tion technology) but also on the degree to which a certain set of institutions allows 
for an efficient use and extension of technological knowledge (see, for instance, 
Landes 1998 for an economic historian's point of view on this problem). In other 
words, the willingness and ability to absorb knowledge about new production 
technologies is quite likely to differ between regions, depending on their actual 
institutional framework. While some innovative regions can be expected to ea-
gerly exploit the information conveyed by knowledge spillovers, others may sim-
ply ignore it or lack the adequate institutional framework to transform the re-
ceived knowledge into actual production technologies. Innovative networks are 
therefore not only characterised by stable routines to share knowledge internally, 
but also by routines of receiving and handling incoming knowledge spillovers. 
2.4.  Knowledge spillovers, agglomeration and regional economic growth 
The discussion in the previous subsection has focused on micro-level condi-
tions for and barriers to the spatial diffusion of knowledge. It has been argued that 
space does matter in the sense that the range of knowledge spillovers may be lim-
ited and that regional differentials in the efficiency of utilising knowledge spill-
overs can be expected. If this is the case, then it is necessary to also have a more 
detailed look at the effects that  knowledge spillovers may in turn have on ag-
glomeration and on regional economic growth. The idea that, beyond the scale 
and scope of a production facility itself, agglomeration economies may have posi-
tive effects on productivity can be traced back at least as far as Marshall 
(1890/1966). An indication for the relevance of this effect is the observation made 
by Kahnert (1998: 509) that innovative production facilities with a high knowl-
edge intensity and a high frequency of direct communication tend to be central-
ised in the core of agglomeration, while standardised, routine-based production 
facilities are often (re-)settled in more peripheral regions. Micro-level knowledge 
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spillovers that can occur due to spatial proximity appear to be deliberately ex-
ploited by clustering the relevant facilities.12  
The growth effects of agglomeration are therefore twofold. On the one hand, it 
helps to facilitate knowledge spillovers and decrease the costs of using them. On 
the other hand, agglomeration leads to a concentration of innovative, research-
intensive production facilities, wich are usually seen as the largest contributors to 
the growth of per capita incomes. Thus, it is not surprising that economic growth 
in agglomerations tends to be faster than in peripheral regions: a part of this ob-
served tendency is simply a result of this concentration effect (Baldwin and Mar-
tin 2003). This is further reinforced if human capital also tends to be concentrated 
in the agglomerations while routinised tasks for unqualified labour are allocated to 
the peripheral regions. Given the absence of decreasing returns of learning in ag-
glomerations, knowledge spillovers in agglomerations can be interpreted as a 
source of stustained regional economic growth (Fujita and Thisse 2002; Glaeser et 
al. 1992) and an explanation for sustained differential growth rates between dif-
ferent regions with different patterns of agglomeration. 
The question of what type of knowledge spillover is most relevant in explain-
ing questions of regional economic growth is, however, still very much subject to 
debate. A principal destinction is made between a location externality and an ur-
banisation externality.13 An example for location industries are the so-called 
MAR-spillovers. The term MAR-spillovers (Glaeser et al. 1992: 1127), coined 
after three classical contributions from Marshall (1890/1966), Arrow (1962) and 
Romer (1986), denotes a spillover between researchers, entrepreneurs and busi-
nesses within one industry. An often-cited example is the concentration of suppli-
ers of semiconductors and related technologies in Silicon Valley (Audretsch and 
Feldman 1994; Carlino 1995). MAR-spillovers lead to learning processes like 
those described in the preceding paragraph, where knowledge spills over between 
                                                 
12 Obviously, there are also other economic arguments in favour of agglomeration, such as 
natural locational advantages, access to local markets and so on, see Cappelin (2001: 118ff.), An-
tonelli (2000: 538f.), Caniëls (2000: 26f.), Keilbach (2000: 29ff.), Jaffe et al. (1993: 578) and also 
Glaeser et al. (1992: 1148ff.). 
13 See Glaeser et al. (1992: 1127ff.), Carlino (1987: 4), Partridge and Rickman (1999: 319f.), 
Keilbach (1998: 3f.), Audretsch (1998: 25), Henderson (1997: 450), Feldman and Audretsch 
(1996: 21), Carlino (1995: 17f.) and Henderson et al. (1995: 1068f.). 
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individuals working to solve similar or at least related problems. MAR-spillovers 
are, therefore, intra-industrial phenomena and allow the exploitation of regional 
economies of scale: the relatively small technological distance (Griliches 1979) 
between individuals and firms implies low barriers for knowledge spillovers and 
is seen as a condition for sustained growth. A testable hypothesis deduced from 
this approach would, therefore, state that regions characterised by a higher con-
centration of firms employing similar production technologies ought to, ceteris 
paribus, have higher income growth rates than regions with a lower concentration 
of similar firms. 
Contrary to this approach, urbanisation externalities denote the effect of the 
size and heterogeneity of an agglomeration. An example are the so-called Jaco-
bian spillovers (see Jacobs 1970, 1986) which are spillovers between different 
industries, leading to the exploitation of regional economies of scope. The mecha-
nism in which this type of spillover works can be understood as a widening of the 
scope of research of individual industries through interaction with other indus-
tries. An important difference between the two types of spillovers, as far as incen-
tives are concerned, is that heterogeneous businesses are often not in competition 
with each other and therefore may be more willing to engage in interactions less 
reluctantly than in the case of MAR-spillovers. As a testable hypothesis, it follows 
from research on Jacobs-spillovers that agglomerations with a high degree of di-
versity ought to, ceteris paribus, enjoy higher income growth rates than regions 
with a more homogeneous population of firms. 
3.  Empirical studies of knowledge spillovers 
Among the theoretical literature surveyed in Section 2, there are only few in-
stances where  the propositions of different approaches completely contradict each 
other. An example has just been discussed in the preceding subsection. More of-
ten, though, the theoretical predictions of different models differ gradually or 
build on differing assumptions whose empirical relevance is not clear a priori. 
Thus, it is necessary to complement the survey of theoretical literature on know-
ledge spillovers with a survey of the results of empirical studies conducted on this 
issue so far. There is a considerable number of studies intended to deliver an em-
pirical scrutiny of the New Growth literature which takes knowledge spillovers 
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into account.14 There are two classes of approaches to be distinguished, one ob-
serving micro-level data and the other taking a focus on aggregate data. The first 
class is characterised by the attempt to reconstruct actual paths of knowledge dif-
fusion, for example by means of researching citations of patents and their spatial 
distribution. This allows empirical statements about the spatial range of know-
ledge spillovers that have actually occurred. A different micro-level approach are 
surveys of firms who are questioned about the sources of their stock of know-
ledge. The second class of studies includes approaches that measure the regional 
density of innovations, which is often operationalised by measuring R&D invest-
ment, the number of employees in R&D departments, the number of patent appli-
cations and so on. Using these data in cross-sectional analyses accounting for spa-
tial autocorrellation leads to statements about the range and intensity of know-
ledge spillovers.15 
3.1.  The impact of distance 
The heterogeneity of empirical approaches is mirrored to a certain degree in the 
heterogeneity of results produced by these approaches. Despite the methodologi-
cal problems associated with the empirical approaches, however, there appears to 
be a widespread consensus that spatially confined knowledge-spillovers are an 
important empirical phenomenon with a significant impact on economic perform-
ance.16 No consensus, however, is reached regarding the spatial range that can be 
attributed to knowledge spillovers, and in fact the majority of studies refuses to 
quantify the range at all. 
                                                 
14 For a survey of the earlier literature, see Griliches (1992: 39ff.). See also the papers of Au-
dretsch and Feldman (2004) as well as Rosenthal and Strange (2004: 30ff.), in both of which the 
literature on knowledge spillovers and the knwolegde resources of agglomeration economies is 
surveyed from a more current point of view. For a critical re-examination of the empirical litera-
ture on localised knowledge spillovers and spatially limited innovation systems, see Breschi and 
Lissoni (2001). For a useful background discussion regarding the empirical measurement of 
knowledge spillovers, see Kaiser (2002). 
15 For more information about the empirical tools and methods regarding the econometric 
analysis of regional growth and convergence processes, see e.g. Anselin and Bera (1996), Anselin 
(1998), Fingleton (2001 and 2000) or Kosfeld and Lauridsen (2004). 
16 See, among others, Paci and Pigliaru (2001), Funke and Niebuhr (2000), Niebuhr (2000), 
Fritsch and Lukas (1998), Keilbach (1998), Henderson (1997), Feldman and Audretsch (1996), 
Audretsch and Feldman (1994) and also Jaffe et al. (1993). 
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Noteable exceptions are Anselin et al. (1997), Varga (1998) and also Botazzi 
and Peri (2003). Anselin et al. analyse the impact of university research and pri-
vate R&D activities on regional innovation patterns for data from high technology 
firms in the United States. They find a significantly positive impact of university 
research on innovative activity within a range of 50 miles around the university 
that is the source of new knowledge. For private R&D activities, however, no sig-
nificantly positive result could be produced. This supports the theoretical consid-
erations about the different incentives within the public and the private sector to 
circulate newly generated knowledge. In addition to these results, the study of 
Varga has shown that knowledge spillovers do not only occur within metropolitan 
areas. Rather, spillovers into neighbouring metropolitan areas up to 75 miles away 
also have a significant positive impact on innovative activities in these neighbour-
ing areas. Bottazzi and Peri focus on data for European regions over a period of 
18 years up to 1995. For knowledge spillovers resulting from R&D investments 
and patent applications, a significant positive impact on innovative activities in 
neighbouring regions appears to exist for a distance of up to 300 km. The magni-
tude of this impact is, however, relatively small. An increase of R&D spending of 
100% in one region can be expected to yield an increase of innovative activities of 
80-90% in the home region, but only of 2-3% in a neighbouring region. 
The fact that most other empirical studies do not quantify a spatial range of 
knowledge spillovers follows simply from the decision of their authors to define 
their units of research in such a way that the distance of spillovers is implied by 
this definition. For example, Feldman (1994) and Jaffe (1989) are interested in 
spillovers between states in the USA and Peri (2002) researches the diffusion of 
knowledge between predefined regions in Europe and the United States.What is of 
interest then is the effect of a spillover from one predefined region into a neigh-
bouring region, but a quantifiable distance between neighbouring regions simply 
does not exist. Nevertheless, the limited spatial range of knowledge spillovers can 
also be shown in studies of this type, as Audretsch and Mahmood (1994) show. In 
addition to spending on university research and private R&D, they also use the 
number of research institutions in a city and in a state als independent variables. 
While the number of research institutions in a city has a significantly positive im-
pact on innovations in that city, the number of institutions in the state does not. 
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the state does not. The authors argue that this implies that knowledge spillovers 
are a local phenomenon.17 
 
Empirical results supporting this view have also been obtained for German 
data. Funke und Niebuhr (2000) as well as Niebuhr (2000) show in a cross-
sectional analysis for 75 regions that knowledge spillovers predominantly occur 
between neighbouring regions. They find that the every 23-30 km from the source 
of a knowledge spillover, the positive effect of this spillover on innovative activi-
ties decreases by 50%. In addition, they find supporting evidence for the theoreti-
cal prediction that innovative activities are usually concentrated in agglomerations 
and less relevant for peripheral regions. An increase of productivity as a result of 
a knowledge spillover from such an innovating agglomeration is found to be re-
stricted to regions in the immediate neighbourhood. Similar results are produced 
by Badinger and Tondl (2002) in a study on the determinants of regional growth 
in 159 regions within the European Union. According to their study, an inflow of 
knowledge has a positive impact on the growth of a region, but this effect has a 
larger magnitude if neighbouring regions exhibit high growth rates themselves. In 
this context, studies from the Fraunhofer Institute (2000) and from Greif (1998) 
are also interesting, although they do not focus on knowledge spillovers in the 
narrower sense. They do, however, show that indicators for the spatial distribution 
of knowledge generation such as the number of R&D employees and patent appli-
cations, exhibit a high degree of regional concentration.18 This contradicts with 
                                                 
17 See Peri (2003) as another expample for this class of studies. Starting with the hypotheses 
that knowledge flows within and across countries should be carriers of important learning spill-
overs, he used data on 1.5 million patents and 4.5 million citations to analyze knowledge flows 
across 147 subnational regions. Peri found out that only 15 pc of average knwoledge is learned 
outside the average region of origin, and only 9 pc outside the country of origin. In his study, he 
also shows that, however, knowledge in some sectors (such as computers) flows substantially 
farther, which is also the case for knowledge generated by technological leaders (top regional 
innovators). 
18 See also Bode (2004), who analysis the relevance of interregional knowledge spillovers as 
one of the determinants of innovative activity in west German planning regions in the 1990s. Bode 
found out that, in general, interregional spillovers are found to contribute significantly to regional 
knowledge production. Quite interestingly, the effects of knowledge spillovers are found to depend 
not only on the conditions prevailing in sending regions but also on the conditions in recipient 
regions. The empirical results show that only a small fraction of the knowledge available in neigh-
boring regions actually spills over whereas only regions with low R&D density benefit from 
interregional spillovers. For regions with high R&D density they seem to be negligible. With focus 
on this type of regions, the overwhelming majority of innovative activity and resultant patents is 
produced by exploiting by exploiting the regions’s own ressources. 
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the assumption of an instantaneous and global diffusion of knowledge, because in 
this case similar innovative reactions to knowledge spillovers would have to occur 
in all regions. 
3.2 Sectoral differences and firm size 
From an even more disggragated perspective, knowledge spillovers appear to 
be particularly relevant in “young” industries and sectors where new knowledge 
can be assumed to be of special importance. This effect has, among others, be 
shown to exist by Feldman and Audretsch (1996) and Glaeser et al. (1992). The 
intuitively plausible result that sectors with a heavy reliance on knowledge are 
also more sensitive to knowledge spillovers has been obtained by Audretsch and 
Feldman (1992). The life-cycle effect is also in line with intuitive reasoning, since 
it is easily conceivable that relatively young sectors with a low fraction of routi-
nised activities exhibit a greater demand for new knowledge and a greater will-
ingness to utilise new incoming knowledge compared to mature sectors where a 
large fraction of activities is already following established routines that are costly 
to change. Furthermore, firms in the first periods of their life-cycle often do not 
have the capacities to maintain large-scale R&D departments themselves and 
therefore rely on external sources of knowledge to a larger extent than more ma-
ture firms with extensive own R&D activities. 
Similar mechanisms are at work for smaller scale firms which often do not 
have sufficient own resources for extensive R&D activities. Link and Rees (1990) 
have surveyed 158 firms involved in cooperation programmes with universities. 
They show that such programmes have a significantly positive effect on the inno-
vative activities of small firms. The surprising result of the survey is that the frac-
tion of large firms taking part in such programmes is larger than the fraction of 
small firms. The smaller firms taking part have a lower ratio of R&D activities to 
total revenue, however. Apparantly, smaller companies seem to make use of the 
programmes more efficiently, substituting own R&D by incoming knowledge 
spillovers. It is therefore somewhat paradoxical that large firms enter such pro-
grammes with a greater probability than small firms.  
The negative effect of knowledge spillovers on the cost of innovating is also 
confirmed in other studies, such as Bernstein and Nadiri (1988 and 1989) and 
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Levin and Reiss (1988). Feldman (1994) has inquired into the influence of techno-
logical infrastructure on private sector innovations. As indicators for technological 
infrastructure, private sector and university R&D outlays, the embededdness into 
up- and downstream production and the existence of firm-related services have 
been used. Quite in line with the other studies mentioned here, she concludes that 
primarily small firms make use of external resources as additional inputs in order 
to compensate for a lack of own resources compared to larger firms. Other em-
pirical studies with similar results are Acs and Audretsch (1988), Audretsch and 
Acs (1991) and Audretsch and Mahmood (1994). Franke (2002) reproduces these 
results for three German regions, relying on a survey of 1800 firms. She also 
shows that both intra- and interindustrial knowledge spillovers have a positive 
impact on the number of patents applied for by small and medium companies. The 
same holds for knowledge spillovers out of universities. 
3.3.  The importance of different types of spillovers 
The evidence concerning the relative importance of different types of know-
ledge spillovers is somewhat more ambiguous. There are, however, empirical stud-
ies that support the hypothesis that Jacobian spillovers do matter, as well as em-
pirical studies that show the same for MAR-spillovers. Therefore, even if the rela-
tive importance of both appears to be difficult to sort out, the statement that both 
types of knowledge spillovers are empirically relevant is a rather safe claim (see 
Forni and Paba 2001; Partridge and Rickman 1999; Henderson 1997). One of the 
few studies accounting for both types of spillovers is from Kelly and Hageman 
(1996), who attempt to show for state level data from the USA that there is a posi-
tive impact of both inter- and intraindustrial spillovers on the number of patent 
applications.19 They have shown that a local transfer of knowledge has a positve 
effect for 11 of 12 industrial sectors under observation, while intra-industrial 
knowledge spillovers could be shown to have a significantly positive effect only 
                                                 
19 See also Feldman and Audretsch (1999). To examine the role of specialization vs. diversity, 
i.e. MAR- vs. Jacobian spillovers, the authors test whether the number of innovations from an 
industrial sector of a certain state owes more to the city specialisation in this sector or to the pre-
cence, within the state, of other industries whose science base is related to that of the examined 
industrial sector. They reach the conclusion that diversity matters more than specialization and, 
above all, interpret this as evidence that knowledge spill overs across sectors rather than within 
them. 
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in 2 of 12 sectors. This result casts some doubt on the relative importance of 
MAR-spillovers, which predict knowledge spillovers to occur within a group of 
relatively homogeneous firms.  
Some doubt on the relative dominance of Jacobian spillovers is however cast 
by a study of Bernstein and Nadiri (1988) who look at knowledge spillovers be-
tween US firms of producing in different sectors for the period of 1958 to 1981. 
They show that there are significant differences in the spreading of own knowl-
edge as well as in the form of reception of new, externally produced knowledge 
between firms working in different sectors. An important result of the study is that 
firms in four of five surveyed sectors are sources of knowledge spillovers, but 
only in two sectors firms acting as recipients of such spillovers were to be found. 
This hints at the existing difficulties to generalise results regarding the relative 
importance of both types of knowledge spillovers. Which kind of knowledge 
spillover is dominant (or utilised at all) depends eventually on micro-level, i.e. 
sectorial and firm-level conditions (Porter 1990: 131) which are not sufficiently 
researched thus far. There are few hints at possible criteria that allow to predict 
the relative importance of both types. One is the presumption that firms which 
tend to conduct their R&D activities in a more incremental way have a propensity 
to rely more on intra-industrial knowledge spillovers, while firms working on 
more groundbreaking innovations exhibit a larger dependence on inter-industrial 
externalities. Similarly, one might expect that the intensity of competition within a 
sector and the degree of vertical integration of production have adverse effects on 
the frequency of intra-industrial knowledge spillovers. 
3.4.  Transmission channels and the speed of diffusion  
The evidence regarding the speed of knowledge diffusion through spatial ex-
ternalities is, fortunately, less ambiguous. Recent studies on this issue are Maur-
seth and Verspagen (1999), Verspagen and Schoenemakers (2000) and Mariani 
(2000).20  One  important result  of  these studies is  that  knowledge diffuses 
                                                 
20 These studies are based upon counting the number of patent citations between pairs of re-
gions, and then estimating a (econometric) model where these counts are related to the geographi-
cal distance between pairs of regions. Their estimates show that the number of cross-citations 
drops significantly as the dictance increases. In a similar manner Brouwer et al. (1999) found that 
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relatively faster in regions which already have a relatively higher productivity 
level and a larger stock of knowledge. This is clearly supporting evidence for the 
conjecture that knowledge is acquired in a cumulative process during which new 
incoming knowledge can only be utilised if necessary complementary knowledge 
is already in use. The diffusion between regions occurs faster, the more the source 
region and the receiving region resemble each other in terms of their sectoral 
structure. This does again support the conjecture that a diffusion of knowledge is 
more likely to be successful if the source and the recipient are characterised by 
similar histories of knowledge accumulation. It does, however, also support the 
presumption that between regions MAR-spillovers spread faster than Jacobs-
spillovers, since heterogeneity of regions cannot be shown to facilitate a rapid 
diffusion of knowledge over regional boundaries in empirical studies. 
A look at the transmission channels shows that particularly fast knowledge dif-
fusion occurs within multinational companies, which is not too surprising since 
adverse influences on diffusion such as a competitive relationship or varying rou-
tines underlying R&D activities do generally not play a role if knowledge diffuses 
within the same company. However, Lutz (2000), Xu (2000) and Tybout (2000) 
argue that knowledge diffusion within multinational companies is often confined 
to countries with relatively high income levels. An intuitive explanation for this 
might be the fact that R&D activities relying on highly qualified labour are usu-
ally settled in highly developed economies.  
Beyond this special case of intra-firm knowledge transmission, an inter-firm 
knowledge spillover or a spillover between firms and public sector research are 
probably the more important transmission mechanisms. As the literature reviewed 
by Feldman (1999) shows, these spillovers often occur through direct interaction 
on the individual level, and Schrader (1991) shows that the frequency of interac-
tion of R&D employees from different firms has a positive impact on the fre-
quency of innovations in these firms. In order to set up these interactions, it was 
shown to be of pivotal importance that the individuals expected the relationship to 
be reciprocal regarding the quality and quantity of knowledge that was to be ex-
changed. Whenever such a reciprocal relationship was not expected by an indi-
vidual, he or she refused to act as a source of a knowledge spillover. Thus, this 
                                                                                                                                      
firms located in agglomerated Dutch regions tend to produce a higher number of new products 
than firms located in more peripheral regions. 
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evidence can also cautiously be interpreted as supporting the hypothesis that per-
ceived stability and reliability of given social networks between individuals sup-
port a fast diffusion of knowledge.  
More direct evidence for the importance of social networks for knowledge 
spillovers and the frequency of innovations can be found in a pioneering study 
from Piore and Sabel (1984). They have analysed the determinants of innovative 
activities in industrial districts in northeastern Italy and have found supporting 
evidence for the hypothesis that stable networks between firms lead both to an 
increase of innovative activity and to a reduction of transaction costs. These re-
sults have been reproduced by a large number of studies concerning industrial 
districts in Italy, such as Lazerson (1995 and 1993) and Gottardi (1996). Despite 
the large number of control variables included in these studies, local and regional 
networks maintained an essential, significantly positive impact in all surveyed 
districts. In the meantime, other studies have shown that this is not solely an Ital-
ian phenomenon: Saxenian (1994) has produced evidence supporting the influ-
ence of networks in Silicon Valley and Boston, Garnsey and Connon-Brookes 
(1993) find the same for Cambridge (UK) and Maskell (1992), Kristensen (1992), 
Saglio (1992) and Ganne (1992) find similar evidence for both Denmark and 
France. Given the structural dissimliarities of all these countries and regions, a 
general importance of networks appears to be supported by the evidence. 
Zucker et al. (1998) focus on cooperative transfers of knowledge in their analy-
sis of a cooperation between biotechnology companies and renowned scientists in 
this field and of the impact that this cooperation had on product innovation and 
the size of the labour force in these companies. They show that, measured by 
these indicators, the existence of such cooperations has had a significantly posi-
tive effect. However, it has also been shown that the external knowledge relin-
quished by a cooperating scientist has been used exclusively by the company with 
which this scientist was involved. In other words, there have been no knowledge 
spillovers between firms regarding this external knowledge. The authors explain 
this by arguing that the knowledge surrendered by the scientists is implicit, em-
bodied knowledge that is directly bound to the person. They find that the technical 
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properties of the new knowledge used by the companies make further knowledge 
spillovers unlikely or even impossible.21 
As the discussion in Section 2 has shown, knowledge is not necessarily embod-
ied in persons, but can also be embodied in products. Levin et al. (1987) argue 
based upon US data that reverse engineering of new products from competing 
companies is an important source of knowledge spillovers. Harabi (1997) comes 
to similar conclusions as a result of surveying 358 Swiss companies for their 
strategies of gaining new technological knowledge. Both studies have shown that, 
beyond reverse engineering, frequently used strategies to acquire knowledge are 
licensing of technologies, surveys of (scientific) literature and communication 
with employees of competing businesses. For Italian data, Napolitano (1991) finds 
similiar results. The open recruitment of employees from competing companies 
and research in patent databases do, in contrast, play only a minor role.  
A number of studies is interested in the importance of public sector research 
institutions as a mechanism for regional knowledge spillovers, with Jaffe (1989) 
being a somewhat representative study. Jaffe has analysed knowledge spillovers 
by using a "Geographic Coincidence Index" which is intended to measure spatial 
clustering of private und university R&D spending. With data from 29 states of 
the USA, Jaffe analyses such geographical clustering and finds support for the 
conjecture that university research and private R&D are closely correlated in the 
spatial dimension. Several further empirical studies, such as Acs et al. (1999), 
Audretsch and Stephan (1996), Audretsch and Mahmood (1994) as well as Link 
and Rees (1990) confirm this result for the United States. For German data, 
Franke (2002), Edler and Schmoch (2001), Fritsch and Schwirten (1998), Stern-
berg (1998) and Nerlinger (1996) find a similar correlation: the more a region is 
                                                 
21 In the same vein, Almeida and Kogut (1999) focus on the mobility patterns of individual 
patent-holders (engineers) in a number of industry clusters, and find them to be high and highly 
localized, but only in Silicon Valley, which is also the only cluster wherin such mobility affects 
positively the innovation rate of local firms. See also Zellner (2003), who presents evidence for 
embodied knowledge transfer via scientist migration. With empirical data on German scientists 
formerly employed by the Max Planck Society (MPS), he tested the hypothesis that a substantial 
proportion of the wider economic benefits to society from publicly-funded basic research is asso-
ciated with scientists’ migration into the commercial sector of the innovation system. Evidence for 
embodied knowledge transfer can also be found in Park (2004). Based on a data set of 21 OECD 
economies and Israel during 1971 to 1990, the study empirically explores the significance of stu-
dent flows as a channel of R&D spillovers. 
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endowed with university research or other public sector research institutes, the 
more clustered are private R&D activities in this region, and the more likely is the 
establishment of new, R&D-intensive firms in these regions. 
 
4.  Conclusions and open questions 
From the perspective of recent contributions to the theory of economic growth, 
the availability of knowledge (R&D investments, human capital and basic re-
search) and the spatial range of knowledge diffusion are important foundations of 
endogeneous growth processes and determinants of the velocity of growth proc-
esses. The importance of space in such considerations results from the empirically 
well funded presumption that the diffusion of knowledge spillovers as positive 
externalities is spatially limited. This happens to be of special importance for 
complex, relatively unstructured tacit knowledge that can be transferred only 
through direct, personal interaction between individuals. An implication of this 
consideration is the fact that knowledge spillovers diffuse considerably faster in 
agglomerations. Another implication following from the cumulative nature of 
knowledge production is that regions, once they exhibit a relatively larger stock of 
knowledge, tend to be characterised by sustained higher growth rates. A conver-
gence of incomes is not a necessary or even likely implication of knowledge-
based theories of growth. 
Despite the large number of suveyed contributions, both theoretical and em-
pirical, there appear to be still a number of unanswered questions. The following 
points are of particular importance in our view: 
•  The empirical studies do so far not offer clear guidance regarding the ques-
tion of “the role of geographical distance in the economics of knowledge 
transmission, which is still rather controversial” (Breschi and Lissoni 2001: 
976). All best-known studies on knowledge spillovers seem to be unani-
mous in concluding that such spillovers are improtant and bounded in 
space. However, the evidence on geographical knowledge spillovers is by 
and large of an indirect kind, and cannot be taken as definite. Following 
Breschi and Lissoni (2001: 994), the major limitation of the empirical lit-
erature is that virtually no contribution has explored the ways in which 
knowledge is actually transferred among people located in the same geo-
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graphical area. There is hardly any doubt that innovation networks are often 
locally confined, but the rationale for this may have less to do with the lim-
ited spatial range of knowledge spillovers but with, for example, the need 
to establish transaction-intensive relationships with suppliers and custom-
ers. Against this background, one could argue that the concept of geo-
graphical knowledge spillovers is still no more than a “black box”. 
•  Another question regards the distinction between tacit and codified know-
ledge which plays a central role in much of the literature on knowledge 
spillovers. Following Cowan et al. (2000), technical knowledge (and even 
more scientific knowledge) may be considered as ‘tacit’ not because it can-
not be articulated (as, for example, the often citied craftsman’s knowledge) 
but because it is highly specific in the sense that the understanding of this 
knowledge (or the message that transports that knowlegde) depends on the 
capability of the addressees to decode the messages, which varies accord-
ing to their expertise in the field. When tacitness is not only classified as an 
intrinsic property of knowledge, but also as a property of the communica-
tion of messages itself within a specific (epistemic) community, one is 
bound to recognise that the enabling conditions for benefiting from knowl-
edge spillovers are far more complex than that of physical proximity. 
•  Some further research appears to be necessary regarding the mechanisms 
and sources of regional knowledge spillovers. In the literature, the observed 
correlation between knowledge (indicated, for example, by R&D output) 
and innovation has frequently been assumed to reflect pure technology ex-
ternalities. There may, however, other economic forces at work “that are 
different in nature but observationally equivalent in the knowledge produc-
tion function setting” (Bode 2004: 45). Other economic forces may be pe-
cuniary externalities resulting from labor pooling, or from knowledge flows 
mediated by market mechanisms, or by clubs. Following Breschi and Lis-
soni (2001: 994ff.), there is still a need to explore the price and non-price 
mechanisms throught which knowledge may be traded between universities 
and firms, as well at between firms. Additionally, the influence of particu-
lar elements of institutional conditions, such as different access to markets 
for factors and goods, public funding of private research and active inter-
ventionist policies on knowledge spillovers is not sufficiently researched 
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thus far, and only few first steps having been taken (see e.g. Feld et al. 
2003). 
•  Finally, the normative question is not settled whether the theoretical con-
siderations and empirical evidence produced so far warrant any economic 
policy measures actively encouraging knowledge spillovers and if so, how 
such policies ought to be designed. There are some studies displaying an 
uneasiness with pure laissez-faire policies (e.g. Matsuyama and Takahashi 
1993), but there are no well-funded prescriptions for active interventions 
either. Depending on the specific economic forces mediating knowledge 
flows, the policy conclusions may differ considerably. Against this back-
ground, the current (and still increasing) popularity of the concept of geo-
graphical knowledge spillovers may “lead to naïve policy implications, 
which recall many not-so-distant and unfortunate experiences with science 
parks, growth poles and the likes” (Breschi and Lissoni 2001: 977). 
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